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ABSTRACT--Tenday old Pteris longifolia L. gametophytes were gram 

on clinostats at a speed of 1 rph from 30 to 60 days at angles of 30°, 

60°, and 90'. Zero degree or normal position was designated as the 

1 control. The prothallia exhibited progressively more lobulation as 

the dorsiventral axis apprcached 90'. The pbysiological and morpholog- 

ical changes were observed at approximately lO-day intervals by record- 

irg the length, width, nuniber of rhizoids, and time of sex organ 

formation. 

dark, at 15 ft-c, 95 ft-c, and 560 ft-c, in the normal position without 

the use of the clinostat. 

took place in the dark on Zinzadd's inorganic medium as expected. 

Simultaneously, 10-day-old gametophytes were grown in the 

Optimal growth occurred at 95 ft-c. No growth 
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INTRODUCTION--Numerous species of fern p l a d i n  different  stages 

of growth and development have been studied under various environmental, 

nutri t ional,  and chemical conditions (Banbury, 1962). The fern gameto- 

phyte has been employed extensively since numerous aspects of growth 

may be conveniently observed with a simple organism. Reports on the 

gametophyte include those on the e f fec t  of gibberell in on antheridium 

formation (Voeller, 1964) , relationship between sugar concentration 

and morphology (Kato, 1964)) effects of auxin on c e l l  enlargement 

(Miller, 1961, Miller and Miller, 1964b), effects  of light on growth 

(Miller and Miller, 1961, 1963, 1964a), and cer ta in  chemicals on growth 

(Kelley and Post le thmit ,  1962) 

dorsiventrali ty of fern gametophytes. 

-. 

Bussmann (1939, 1941) investigated 

'Fhg objectives of the present investigation were to observe the 

ef fec ts  of l i gh t  and gravity on the morphology and physiology of fern 

gametophytes. Although emphasizing gravity effects ,  l i gh t  effects  

were studied simultaneously f o r  comparison. 

MATEXIALS AND METHODS--Spores of Pteris longifolia L. were 

inoculated on Zinzadzd ' s ( 1932) nutrient solution sol idif ied with 2$ 

agar i n  100 mm P e t r i  dishes. Light intensity of 200 f t - c  was provided 

with daylight Sylvania fluorescent tubes fo r  the i n i t i a l  10-day period 

and a temperature of 25 C was maintained throughout the experiment. 

tierrmnatlon occurred within 6 days and on the tenth day the developing 

pro tha l l ia  were placed under the following experimental conditions : 

~ 

1. Gametophytes were grown a t  angles of 30°, 60°, and 90' on 

c l inos ta t s  t ha t  revolved a t  1 rph. 

with a ve r t i ca l  dorsiventral axis, was designated as receiving 

A position of Oo, normal posit ion 

J .. 
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*1 x g force. Light intensi ty  between 73 f t - c  and 95 f t - c  was provided. 

In  a later experiment the light intensity was increased and maintained 

a t  100 f t - c  f o r  a l l  angles on the cl inostat .  

2. Gametophytes were  grown i n  continuous light, employing 40 - h'@77- 

daylight fluorescent tubes a t  15 f t -c ,  95 f t -c ,  and 560 ft-c.  

was placed i n  the dark t o  observe the e f fec t  of absence of l i g h t  on 

gametophyte development. 

A sample 

Recording of length, width, and number of rhizoids was made 10 

days after inoculation and subsequently a t  21, 30, and 41 days. 

Figure 1 shows diagrammatically the appearance of gametophytes 10 . 
days after inoculation of spores and 20 days after s ta r t ing  the experi- 

ment. The average dimension of 25 gametophytes (Table 1) f o r  each 

experimental condition was obtained a t  intervals throughout the 

exper hnental period . 
, where G = - G = gravitational force Rrj! With the expression 

g 

R = radius i n  feet ,  w = radians/sec, and g = 32.2 ft /sec,  the centrif'u- 

g a l  force (gravity) Imparted laterally on the gametophyte by the 

c l inos ta t  a t  1 rph is 1.18 x or less. The angles of growth of 

30°, 60°, 90' were employed t o  obtain varying g forces on the dorsi-  

ventral  axis of the developing gametophytes. With increase i n  angle 

from 0' t o  

g force imposed on the gametophyte by the variable c l inostat  was calcu- 

iated by selscticii of GZ szgl$, t h e  cinp of vhich gave the approximate 

g force (Finn, Johnson, and Casey, 1964) 

obtained was determined t o  be theoretically 1.0 x g f o r  Oo, 0.87 x g 

f o r  30°, 0.5 x g f o r  60°, and 0 x g f o r  goo, using the sine of the 

angles of the dorsiventral axis of the Inclining plants. 

the g force has been calculated t o  decrease. The 

Consequently the g force 

/ 
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OBSERVA~ONS - -Varying angles on the cl inostats  - -Good growth was 

observed a t  a l l  angles on the cl inostat  (Figs. 1 and 2). 

inclination the growth pat tern did not show the typical  heart-shaped 

prothallus; instead it produced a random pattern of lobulation with an 

indistinguishable apical notch. 

lobulation and fewer rhizoids as the angle of the cl inostat  was 

With greater 

There was progressively increased 

increased t o  90'. The thickness of the thallus and the  number of cells  

of gametophytes g r m  on the cl inostat  were comparable t o  those of con- 

t ro l s .  

whereas 50 t o  60 days were required f o r  t he i r  development on a 90' clino- 

The antheridia appeared a t  40 t o  50 days i n  the  normal position, . 
stat. There was no significant difference i n  the time of appearance or 

formation of archegonia. 

prothallus t o  1 x g gravity, whereas plants on a cl inostat  receive a 

continuous change of the  g force which provides a continually distributed 

geotropic influence on the behavior of the plant. Gravity force of more 

than l x  g can be imposed on a plant  by employing a centrifuge; however, 

using a t i l t e d  cl inostat  instead of a centrifuge enables calculation and 

interpretation of g forces hpar ted  on the dorsiventral axis of the plant  

t o  be less than 1 x g .  Lobulation i n  gametophytes produced on the clino- 

stat  is a growth response rather than epinasty which i s  common i n  higher 

p u n t s  . 

Inverting the gametophyt;es s t i l l  subjects the 

.. vtlryirg l5gk-t iztensifFes--At light intensi t ies  of 15 f t - c  and 

560 f t - c  (Figs. 1 and 3)  growth was slower than a t  95 f t - c  which was 

found t o  be optimum. The number of ce l l s  appeared t o  be the same a t  

comparable stages i n  a l l  cases; under 560 ft-c,-however, the smaller 

s i z e  was due t o  compact cel ls .  

old gametopmes grown under varying l i g h t  intensi t ies  is presented 

A morphological comparison of 2O-day- 
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schematically i n  F i g .  1. 

size,  number of ce l l s ,  normal appearance of rhizoids, formation of gametes, 

and the general appearance of the thallus. 

i n  growth under 15 f t -cy  i ts  appearance was normal, nonchlorotic, with a 

normal number of rhizoids. Under the highest l i gh t  intensi ty  the pro- 

thal lus  had a dense growth of rhizoids and the c e l l s  were small and 

s l igh t ly  chlorotic. 

Growth a t  95 f t - c  was optimum i n  terms of t o t a l  

Although the prothallus lagged 

Figure 1 also shows the appearance of gametophytes placed i n  the 

dark. 

the same as that a t  the beginning of the experiment. 

continuous darkness, they became chlorotic and died. 

few chloroplasts present were clustered toward the center of the 

gametophyte 

Total darkness did not promote growth and the s i z e  was essent ia l ly  
* 

A f t e r  10 days of 

The comparatively 

The actual  measurements on the s ize  of gametophytes under varying 

angles on the cl inostats  and l igh t  intensi t ies  are presented i n  Table 1. 

Each figure represents an average from a minimum of 25 gametophytes. 

DISCUSSION--The response of a fe rn  gametophyte t o  rotat ion on a 

c l inos ta t  d i f fe rs  from t h a t  of a higher plant  which is  rotat ing horizon- 

t a l l y  with respect t o  i t s  stem axis. 

d i s t i nc t  leaf epinasty or  stem curvature. 

on the surface of the grarth medium, hence,cannot respond similarly as 

i n  leaf epinasty; however, the frond of a sporophyte displays behavior 

similar t o  that of higher plants (Brain, 1935). 

The higher plant develops i n  a 

The gametophyte grows f la t  
\ 

The fern gametophyte grown on the cl inostat  exhibits lobulation 

! 

of the tha l lus  margin, an effect  probably due t o  a loss of the dminant 

influence of the  apical  notch on normal morphological appearance. .. 
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Although l i g h t  intensity varied s l igh t ly  from 73 t o  95 f t -c ,  difference 

i n  s i z e  and morphology is not attr ibuted t o  l i gh t  intensity,  but rather 

t o  t h i  angle of the clinostat .  

When a higher plant  i s  rotated horizontally on the c l inos ta t  a t  

1 rph and simultaneously centrifuged a t  1 x g toward the roots, the 

growth pat tern is normal as though the plants were grown i n  the  usual 

upright posit ion (Finn e t  al.,l$4). 

kept a t  a constant revolution of 1 rph and the centrifugal force 

reduced t o  less than l x  g i n  the direction of the root, plagiotropic 

responses are observed. Furthermore, varying the angle of the clino- 

However, when the c l inos ta t  is 

.0 

stat without horizontal centrifugal force resul ts  i n  a plagiotropic 

response similar t o  those observed for  reduced centrifugal force 

(Finn and Brown, 1961). 

i c a l  effect similar t o  that of less than 1 x g centrifugal force and 

results i n  epinasty of higher plants. 

i s  different  owing t o  the thallus structure. The dorsiventral  axis of 

Tilt ing the cl inostat  produces a physiolog- 

I , 
i 
I The gametophyte response, however, 
I 

% /  

1. 

3 .  the  gametophyte corresponds t o  the shoot-root axis of the higher plants. 

Observations on the cl inostat  a t  different angles show progressive 

morphological changes from 0 t o  90' and possibly re f lec t  the e f fec t  of 

reduced gravity on the dorsiventral axis. 

g r a h t a t i o n a l  e f fec t  on higher plants is  actually due t o  equal dis t r ibu-  

t i o n  of gravity on the horizontal pim$,  vkereac ir: game+.qh!ytes the 

On the c l inos ta t  the reduced 

effects  are on the lateral margin of the prothallus. Bussmann (1939, I 

1941) observed the young sporophyte formation i n  order t o  determine 

the dorsiventrali ty of the apogamic gametuphyte gram on a horizontal 

c l inos ta t  . 
._ 
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The effects  of varied l i gh t  intensi t ies  were investigated independ- 

ent ly  from the cl inostat  studies; however, the optimum l igh t  intensi ty  

f o r  growth observed i n  t h i s  experiment was employed i n  the c l inos ta t  

investigation. 

autotropic growth, a low l igh t  intensity was found to  be essential .  

Organic supplements i n  the nutrient medium (Miller and Miller, 1961) 
are needed f o r  growth i n  the dark. 

trophic growth of gametophytes i n  the dark with a medium containing 

dextrose and yeast extract. 

Since Zinzadzg' s inorganic medium w i l l  not permit 

Kat0 (1963, 1964) obtained hetero- 

. 
Optimal l i gh t  in tens i t ies  of 400 f t - c  have been reported f o r  

Onoclea sens ib i l i s  (Miller and Miller, 1961); however, f o r  P te r i s  

longifolia on Zinzadz6' s inorganic nutrient medium, the optimum growth 

I n  tern of gazretqhyte mrphology and physldog~~ was o b k M  at 

100 f't-c 2 20$. 

Further investigation undoubtedly w i l l  show optimal growth a t  a d i f f e r -  

The production of rhizoids was profuse a t  560 fie. 

ent  light intensi ty  with variations i n  the quali ty of l ight ,  nutrient, 

temperature, and humidity. 

gressed normally but at a slo- rate -than at 95 ft-c. 

A t  15 f t - c  gametophyte morphogenesis pro- 

more lobulation of the prothallus by increasing the angle of the plant  

toward 90' with the use of a t i l t i n g  clinostat .  

Optimal increase i n  growth was a t  95 f t - c  i n  normal posit ion on 

Zinzadzd' s inorganic nutrient solution. 

produced less growth and although the s i z e  ( i n  m2) was similar, the 

morphology was dis t inc t ly  different. 

t he  n W e r  of rhizoids increased. 

Lower or higher l i g h t  in tens i t ies  ' 

With increasing l i gh t  intensi ty  

.. 

I .  

A .  

t 
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TABm TITLE 

Table 1.- Shows increase i n  growth f o r  31 days a t  varying angles of the 

c l inos ta t  .and under varying l ight  intensi t ies .  

.. 
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Fig. 1.- Schematic i l l u s t r a t ion  of growth of gametophytes a t  varying 

angles of the clinostat ,  0" (normal position), 30°, 60°, and 90' 

and i n  darkness and under l i gh t  intensi t ies  of 15 ft-c, 95 f t -c ,  

and 540 f't-c f o r  20 days. 

Fig. 2.- Growth rate a t  varying angles of the c l inos ta t  f o r  40 days. 

Fig. 3.-  Growth rate under varying l i gh t  in tens i t ies  f o r  40 days. 
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